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New paper by Chave et al. 2009 Ecology Letter covers traits of wood
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There is a diverse set of leaf sizes and shapes, up to 250,000 different 
combinations
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Species are human constructs that tell us more about how organisms breed than 
metabolize.  With the idea of functional convergence, different species doing the 
same thing, and the reality of thousands of species, focusing on species per se 
does not help us accomplish our task of knowing carbon, water and nutrient fluxes
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All species are not created equal, with regards to ecosystem exchange, energy, 
carbon, water and nutrient cycling.
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In the past few decades the idea of functional groups has gained traction for 
predicting ecosystem fluxes and ecosystem-climate interactions. The idea has been 
adopted mostly by climate and ecosystem modelers.
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Von Bodegom et al 2012 Global Ecology and Biogeography.  Trait information is 
more continuous and tells us more than information for discrete plant functional 
types. Plus the traits of functional groups overlap
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Chave et al 2009 Ecology Letters functional traits of wood. Closed are 
gymnosperms; open are angiosperms
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The r2, the coefficient of determination, of traits explains more of the variance than 
plant functional groups. Emerging ideas as this course has evolved
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Plants use one of three major metabolic pathways to assimilate carbon dioxide. The 
pathways are associated with the first fixed carbon compound in the carbon cycle.  
C3 is used by most plants, all trees, netted veined herbs and some grasses. C4 is 
the pathway used by many tropical grasses like corn and sugar cane. Cam is a 
pathway used by many desert succulents.
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Size and shape of leaf will affect its energy balance and its temperature.
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The size and shape of shoots on a single organism or tree can be as diverse as 
across a landscape or ecosystems. Look at this case with redwoods
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Highest Photosynthesis is with short living, thin leaves with high N…leaf economics
Lowest photosynthesis is with old thick leaves with low N
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Alternatively if we assessing scaling relationship through the vertical confines of a 
forest canopy we find that leaf nitrogen and photosynthetic capacity are functions of 
and increase with leaf thickness, quantified in terms of mass per unit area.
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It is critical to assess these scaling relationships on both area and mass bases to 
understand their behavior
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At the canopy scale we are concerned with leaf area index, meters of leaves per 
meter of soils
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LAI ranges between 10 and 1 and there are family of values associated with 
different functional types
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Beer’s law helps us understand the upper limit of possible leaf area index. It is not 
physically and biologically reasonable to establish more layers of  leaves if most of 
the incoming light has been absorbed.
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6 m2/m2 is the typical upper limit of LAI for most humid forests.  Plantations tend to 
attain higher values, with management (also watch for bad data).
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Water is the factor limiting lai, too.  Scheffer et al. 2005



31

The vertical variation of LAI is different for different forest age classes. Intermediate 
age forests tend to exclude light to the understory.  As forests age, tree fall occurs 
and gaps promote understory growth, hence the bimodal distribution
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In deciduous forests, LAI is not constant and experiences much seasonality.  After 
Baldocchi and Wilson
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Poor soils favor evergreen due to depressed Ps capacity, which can be overcome 
with long growing season; Temperate-humid climates with long growing seasons 
favor evergreen, eg Pacific Northwest
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How tall can vegetation get and for different functional types?
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LIDAR is giving us new tools to measure tall forests well and with higher statistical 
sampling
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LIDAR on a satellite measuring ice was recently used to map tree height across the 
world. Hopefully better sensors will improve this first map,
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Leaves have different angular inclinations in different environmentsl
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The angle of leaves in a forest are more erect near the top and flat near the ground.
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Clumping is a ‘new’ trait that a sub-group of biometeorologists are focusing on. It 
affects the efficacy of light transmission through plant canopies and is now being 
quantified with LIDAR and gap fraction measurements
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Plants that are shade tolerant are not drought tolerant, and vice versa.
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Smith and Huston 1989, Vegetatio
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Rodriog vargas
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Thick leaves cannot support high A because of light attenuation and mesophyll 
resistance; old leaves cannot have high N due to herbivory
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